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TUMOR NECROSIS FACTOR FOMULATION AND TS PREPARATION

'mumntbnrohtutonchomlcdmodmcaﬂondmmornmmmmﬂwhbhdtusmdhu:rovn
mmmw«wmw. v

selectively
otd..j!_d)..i.Omeu(iaaﬂ,g_:u!ﬂmmnmmmmm-hwmw)tndbv
Mannes ot al., Infect. immun. (1960), 30:523; idid. (1981), 33:168 (from cultures of macrophage-ensicned
peritonesl exudats celle from amﬂ.mmommwmwmw
WWNMM&.AMDMMM)MMMWWhQ

banding =—=255S0 TS UORUSE S, 1996, pubnshed Aprl 24, 1988 and PCT US88/02381,
mmd-mw“hmmrahmdm.wm

mmammummmummmhmmmmmm
ruponamuwwwhwmummmmuamwn.ug(mop.a.ah.
Endrocr., 31 wm.w.um(1m.4.mmuum,c_e.ao.amw.ummamm
{7980, J. Glin. Endrocrinol,

mmmwmamm&mwm

. Preferably the polypeptide
mmuammmmmmmammmm'm
“Mﬁﬁ@aMbmanmmmm.mu
mamwwm.uammmm.mwm
ooupliing enzymes aidehyde derivative,

to PEQ through an
uam&mmmwm-mmm
Mmlhdmwnmmmnm

U.S. Putent 4.412.989 dlacioses an cxygen-carrying materlel containing hemogiobin or & darivative thersa?
mmmmmmnmumm-

ummm.mmmumtmmm.m
such s PEQ or

U.8. Putant 3,519,571 dlaciosss  polymeric matrtx having & biclogically sctive eubistance chemically bound

‘thereto,

U&MWdeMMMNWMbm
U&MWWM«MW&WWwb

thelr binding to enaymes and other proteins. . '
WMQMMMMdnmmwmmn
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polymeric substance. )

EP 152,847 discioses an enzyms conjugate compositt n comprising &n enZyme conjugate, & caicium sait,
and s palysthylene glycol. :

JP 57192438 published November 26, 1982 disclosas moditied polypaptidas whare all or part of the amino
groups e substituted with a polysthoxyl moiety. DE 2312615 publlshed September 27, 1973 disciosss
coupiing of polymers to compounds contalning hydroxy or amino groups.

£P 147.761 discioses a covalent conjugate of alpha-1-proteinase Inhibitor and water-soluble polymer, where

_ the polymer may be polyethylene giycol.

U.S. Patent No. 4,414,147 describes rendaring Interferon less trydrophobic by conjugating ik to an anhydride
dnmwwdwspoMQWMuMo).

EP 154,315, published September 11, 1985 to Takeda Chemical Industries, Lid., dlaclcses chanlewy'

M«Womoocwmmmmummawtmpdmnntwwpdcm

wd\umbohovmmlnm«hmz
lnmmmmmmmgmmmmwmumm

ﬁGaMu.MWWpMoMummNMF«mMuL

Blochem and B! .nu.camnu.usesouwlmmwmm-mwmmm
mnm-h%mnﬁumbymumcmmmﬂw«umwm%a
Toahashi et ., Siochem. and Res. Comm., 121, 281-265 (1984) diacioss modifying horseradish
mm‘m—ﬁmmrom o maks the watar-solubles snzyme active and soluble in
benzene. Suzuid et al., Blochem, Acta, 798, 248-255 (1964) dlacicss suppression of aggregation of
1gG using cyanuric . et al., Cancer Blochem. . 7, 175-108 {1984)
mmmammauwvﬁi_ﬁ%gméemw
succiimidyl succinate Increases the haif-ife and decreases the of the proteins. Devie ot al.,
Blomedical . (New York: Academia Press, 1980), p. 441-451 disciose that enzymes normally
insohutle may E solubiltzed by PEG attachment withoid further datalle. Several’ other articies diacuss
mmamunhummpwm.mmmmm?eu
mwmm«mwmwwwmmmmww

- of the protein. .
Nundmmnm.thMwammMnmmmmr,

of tumor necrosis factor (TNF).

m.ummmmmwmmmmmw v

activity and potantially to increase the halt-ite therso! and decrease Immunogenicity by
or sliminating of the protein or by masking antigenic
hait-ife of the modified TNF herein i relsted o the efficacy of the protein.
iore specifically, the present invention is directed to s pharmaceutical composition
mpwmmqummnmuwhmwmw

wwmmcmwmammmmwmmd .

reducing .
determinants. R is siso expected that the k
comprising a non-toodo, g
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Wmmmdmwmm.mmm-mwmmb'
unsubstituted.

wuwumwmnwmwmmn

MmWhWWMM@)«MPﬁG(ﬁN,“RD i
4-hydroxy-3-nitrcbenzene

ocoupied to the TNF via an amids inkage formed from the sulfonate ester or the
N-hydroxysuccinimide

ester of a PEQ or mPEQ carboxylic acid.

and ssid polyol is unsubstituted;
m;mmmmmmmcmdmmnummw
active, seleciively conjugatsd TNF; snd _
(qmmwhammmwmmnmmm
mmmmummmumuummmmmm
mmmuo&mmmmmnmmmmhw
from & humen sourcs, snd more prefarably is recombinant humen TNF.
mmwmmmmmmmuwwmn-ntwu\hm)
312:724-729: Yameda ot al., J. , (1985) 3:141-163; Wang et al., Science (1985), Z57140-164:
) : - EP 156,549 published September 29, 1986; EP 158,208
mommm:u1mﬂamm1mm;mmwmmmma
nu.mmmmuMuwnom.omwmamsme
148,311 published July 17, 1988.
The
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(Genentsch) NPCTUS&SIM&‘!.MOMS. 1986, published April 24, 1988 (Catus Corporation).
Prm.m.TNthmlouhmmTNmehwrmthoﬂmmmwrm.Mnbm
mmmmmd-mbodhpcrmwm1 crmTNFhlcvmwmutnh
prepared simiarly to that described in U.S, Patent No. 4,518,584,
Mpmmswcmammrmw«pmdon- of factors. As lonizable amino and
cnmoxytwoupnmMthmombm.nmhﬁomo!mmqboobthwummwbw

protein
.mmmbmmnmmumnmmmmwm
Mm%dmmnc'amgom.mmw-mmwm.m
mhmmmdm«amwmanamm

mmuwm-mmmmmm.mmmmmmm
bWMum m.mmmmmmmum«ow
mmmmm.umahmmmmmmmmwmmu
mumm.ummmmmmwmmwm
«mmnmanﬁmmuwmbmmm-m
Wha&ub“%%.%dhm&m%ﬁulmmm-ﬁ
dmmm.nmm1mmmmmm,mum
wmwo&.anwwmummbm :
mmmmmmmwmmmmmum

mmwmhmmdq&mm»mn
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wm.nmn-mhamotu..%
%MMM» Rich, et al. {eds.) ( <R
1 .p.9-loo.mdetocnotlL.%g-_mnomotoWnuvm(Am.danSoemyfor
Microbiology: 1968) antitied “Novel Agent for Coupling Synthetic Peptides to Carrlers and tta Appécation.®
Aautorbondomd\emlcunyandphydobdcd'yhumblathunmidebonds.ﬂmuybepnhnbletouoo
chemical transformations In the coupling rsaction which would. preduce carboxyiic scids or amides without
concurrent production of eaters. .
nnTNmemdﬂodlsmonmmum.dhtnon-'oxb.lmphmnmuucny-ccopubdoawcm
mdlum.prohnbﬂnupﬂafwatoa.mwe-&Fofl_n_vlu'oupplaﬂons.momd«cf
adminiatration and formulation ars not critical. Aqueous formulations compatible with the culture or perfusion
mwnwﬂgmwmmwnmumgwbrw.thompfommcommoumuwom
W«Mhmmbuﬂuhmmm!wﬂchﬂpﬂduﬂwmuﬂaﬂmp&bbpﬂvﬂm
mmbmm-dAm«mhmannummopmmwadmmm
mwwawmlnmmmmmmmgﬂmmmm
mm“wdonndmiwonhwuu.
lmmmnwmwmmmummwnmmmm.
m\dp«mwwwmmmm..mm. .
mmmmmwuwwummwmm
nmammmmmmmmm,mmmm«mm
mfnmm-m)wmwmm.u.mmwm ’
mmmmmanwnmmmmmmwmamm.m
mdmm.mmamm.mmwmmww.wm
MMMMMmeMMMkNWM
mfmmmMmam..Ammmwum
mummmammmmmmmmuwmwwm
mmmwmummwmog.mmamwmamm
hmmm.mmmmmm.ammwmwm
mmmm.uwmhmmm .

A linser, monomethyl substituted ester of PEG of malecular weight 5000 wes obtained by first reacting
mmm.mumdmmm.mmmmoomno'cmm

hours or by & method simfiar to that of Abuchowsid et al., Cancer Blochem. 7. 175-100 (1904), The .
resulting PEG-giutaric was reacted with N- In the presence
as described in detall by Abuchowsid et i, mm1nmmmmmum
polysthylene piycolyl N-succinimidy! glutarats, designated as PEQ".

mmmmmmw.mm.mmmmwwwm

mummmmnwamm.mmwmm.m :
wmhmmmumw,mwmhmammwm.mmm“

preparation (3 deecribed by Bhatnagar et al, su and by Niteckd ot ai., The PEG carboxylio
ester-HNSA mey be used as the activated PEQ procedures deecribed oample.

MMwmeWMMMMMWtMW;

’ mummwmmmmmmmnmmmo start codon was
mmadiately preceding

mmmmm»mmanmmwm
aunmmumwmmmm.mm
MdeMMmmwwmmu\ngM
and recoversd In the purification buffer. ’
To1mamwmnosmawmmmwumwmmu
mPEG’hMMMtbwwmdwmmmsommum.pﬂto.tom
chohmdi.Oml.ThtFEG‘mmuwow"ihoddwnﬂooMMleO-
mwmmmmaa‘cmwmmmmmmomm
and the PEQ*-TNP was ready for further processing.

C. Purification of Modified TNF
ummmmmmw.wmmawnrmwm

Mw.Ammmummmuwmwmupewmwwm

MAmmammmmmwmmmmomm-umx
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7.5 cm TSK DEAE-S-PW calumn. The buffer was 10 mM Tris chloride pH 8.2 Allquots of the fractions were
ssseyed for TNF bioactivity as described in Exampie 1B,

EXAMPLE |l
Characterization of PEQylatsd TNF

A. Size characterization of modified TNF products

The fractions trom the DEAE column were analyzed on a SDS-PAGE {1596, non-reducing) gel. Before being
sppiled to the gel the fractions were mixed with concentrated SOS sampie buffer. Then 25 micrograms of
proteln were caded onto a gel iane and wiect ophuresed for about 1.5 hours at 35 miAmES. Tha gels wurs
stained and then destained.

The iatest eluting pesk from the lon exchangs column appeered to be unmodified TNF by SDS-PAGE. it
mammmmm&oooMmmmmmmmmm
COIMERSU & COTlam PIOpOTUGR OF TWghwer NGRS WeIgIit DEN0S, Seeii O SUS-TAGE. TTweee Uaiius weiv e

TNF monomer conjugated with one, two or more molecules of PEQ*. The reiative proportion of unmodified

molecules of PEQ* was aiso highest In the sarly eluting peaks.

B. Bloactivity of PEQylated TNF as a Function of the Extent of Modification

WmmmmmmdMWMQWMu&u
of PEQ* were asszyed by the L-820 TNF cytotoxic bicassey described below,

The L-829 assay systsm ls an improved convenient in vitro sssay which permits repid measurement of TNF
mmmammunmmmwumuummmw
%wm , 72:3008, Is, at present, Unknown; however, ss R utfizes murine tumor

uummmmwmmhmmmmmow1
aleo gives activily in this assay. The aseay is similar In concept to that disciossd In U.S. Patent 4,457,916 which
used murine L-M cells and methylens bius staining. However, the L-8€0 assay has been showet hersin to
corelate (for HL-80-derived TNF) with human tumor cell ine 3 .

In the L-629 assay system, L.-029 cells sre prepered overnight as monolsyers In microfter plates. The test
sampies we diuted two-foid across the piate, UV imadisted, and then added onic the prepared cel
monoiayers. The culhure media in the wells are then brought to 1 pg/mi actinomycin D. The piates are allowed
0 incubats 18 haurs st 37°C and the pistes are scored visually under the microscope. Each well is given & 25,
50, 78 or 100% mark signifying the extent of cell death Ir: the well, One unit of TNF activity is defined as the
reciprocel-of the diution at which 5O% iiiiing occurs.

The reacits of the L-089 aseays of the DEAE oolumn fractions are shown (n Table L Fractions 48-58 are
modifisd TN and Fraction 80 is unmodified TNF. The results suggest thet the PEGyizted TNF In Fractions
58-58 has the same specific activity as the unmodified TNF. More highly PEQylated forme of TNF (Fractions
48-54) show decreased spacific activily. The active PEG-TNF contains approximately equal amounts of
unmodifiad TNF monomers and mono-PEGylated monomers as determnined by SDS-PAGE. As TNF ls a dimer,
most Gcaly the active species s & MonO-PEG-TNF monomer combined with an unmodified monomer. The
mmammmtrmmbmaommmmnw



TABLE 1
Bioactivity of PEGylated TNF

Fraction From Bioactivity
Column . (Units/mg TNF)
48 1.30 x 106
50 , 1.26 x 105
52 2.04 x 108
54 ' 5.88 x 108
56 C L 132 x 10
58 1.12 x 107
60 1,47 x 107

When the reaction was carrisd out as described In Example | using 5 moles of PEG* per mole of TNF, the
untractionated TNF had & specific activity of 20% of the unmodified TNF,; uno-foldoxemofPEG'
wan 190 of the specific actMty remaining,

C. Pharmacokinetics of PEGylated TNF compered to unmodified TNF
nbwummmmmuwmmmmwmwm
mice.

EXAMPLE 1N

.wdpswmrwmzooomwmm
AMMdﬁedMMmmmmnNWWh
mnmne-zooo The resulting derivative was biciogically active.

EXAMPLE V

Preparation of TNF Modfied Wit Polyciyethylated Giycerol (POQ) (Expected Resuls)

A, Preperation of Activated POG-TNE

Polyoxysthyiated giycero! (POQ) of molecular weight 5000 was custom synthesized by Polysciences.

To 10 g of POG was added 2.28 g giutaric anhydride (a tenfold excess over POG). The mbdure wes stirred
for two hours at 110°C and cooled. This was diseoived in 20 mi CHCls and poured siowly into 500 mi sther
with vigorous stiing. The product was collectad and rinsed with ether 1o yield about 50% POG glutarste
product. This product was rescted with N-hydroxysuccinimide as described in Example LA. to yield the active
ester POG-ghutaryl N-hydroxysuccinimide (POQG*). it is expectad that the TNF deecribed In Example LB. may
be reactad with the POG* at room temperature under the conditions generally descrided in Example 1.B. The
rsaction mbxure may then be appiied 10 a separation column for purification and the fractions analyzed for
homogenalty by SDS-PAGE and for bicactivily 1s described in Example 1.B.

In summary, the present invention is seen to provide s pharmaceutionl composition wherein diologically
mmmumwn.mam«a.mm

1.AMMM.MMMWW
carvier medium in which is disscivad a biologically active selsctively conjugated tumor necrosis factor
(TNF) wharein the TNF ls covaiently conjugated t0 & water-sciuble polymner selectad from the group
consieting of polyethylsne giyool palymers and palyaxysthyiated polyols, whesein seid polyetitylane giyool
mhmwmummmmummmmhm
A composition acoording 0 claim 1 wherein said polymer is & homopolymer and has & molsculer
mamsoomoo.

aAmmum1azmmmbw»uwmn
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&anm.mmmwmummwwnmaeMd:mmm«m
4. A composition nqumdclmlémmnupdwhmnm

selected from mmwmm«mmmm.wnw
lMM.mdu!dTNthumncmblmmTNFormmhmM.

5.Aproeouforpnclmg|pfwmcouﬁwmpodﬂoncomm:

(8) preparing a water-soluble polymer having at feast one terminal reactive group whers seid
m«u-uwmwmmm«mmmmmmdw
m.mmmmwmumw«wummmm
aikyl group, and said polyol is unsubstituted;

rb)mcmqmmmnnwmummnmmnmmmdmm
80 as o provide & biclogically active, selectively conjugated TNF; and

(e)mmmmnmmmmmpmmm

. aAmmbmsMgmmemwamma
100,000 and sald TNF is formulated at pH 8-8.

7. A process according to clsim 8 or 8 whereln step () comprises reacting the polymer with an acid
mwm.m«mw.mmmmmcaddzm.mwmm
with the acid to form sald activated polymer with & reactive ester group.

aAmmmm7mmmmhmmwmw
mdmmhwhbmdamhﬂw.w

sulfonio scid.
aAmmumsmmmmmmmmmamw
and step (b) la carried out st a pH of about 8-10.
. 10. A process according to any one of claims 5-8 wherein sald TNF Is human recombinent TNF or &
mwuwmum.mwmmwm
or manomethy! polyethylene glycol, or & polyoxysthyiated giycerol
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